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Summary We present three cases of pericarditis caused by Streptococcus pneumoniae diag-
nosed in children. The presenting symptoms were fever, dyspnea, tachycardia, and hepatome-
galy. Chest X-rays showed an enlarged heart silhouette and echocardiographic examination
revealed a pericardial effusion in all cases. S. pneumoniae was recovered from the pericardial
fluid and/or blood in all cases. Systemic antibiotic treatment and dopaminergic agents were used;
all patients recovered completely. Another 10 cases of S. pneumoniae pericarditis in children
reported since 1980 are presented. Most cases had preceding respiratory symptoms and had a
good outcome. While rare and life-threatening, pericarditis caused by S. pneumoniae has a good
outcome if diagnosed early and treated adequately.
# 2009 International Society for Infectious Diseases. Published by Elsevier Ltd. All rights reserved.Introduction
Streptococcus pneumoniae is a leading cause of morbidity
and mortality in children younger than 5 years of age.1 The* Corresponding author. Tel.: +972 8 6400626 fax: +972 8 6232334.
E-mail address: dudi@bgu.ac.il (D. Greenberg).
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doi:10.1016/j.ijid.2009.03.033pathogen is the most commonly isolated bacterial etiology of
pneumonia in children.1 Purulent pericarditis is rare at all
ages, but it is associated with high mortality despite aggres-
sive drainage and antibiotic therapy. In the pre-antibiotic
era, S. pneumoniae was the most common pathogen of
purulent pericarditis in children. After the introduction of
antibiotics, S. pneumoniae pericarditis cases decreased from
51% of all cases to 9%, and occurred mainly in adults.2 SincePublished by Elsevier Ltd. All rights reserved.
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vaccine (PCV7) into the routine immunization schedule of
children in the USA and other countries, the rates S. pneu-
moniae invasive infections have decreased significantly.1
Nowadays, infections of the pericardium are rare in chil-
dren and are often related to underlying medical conditions
such as immunodeficiency.3 Herein we describe three cases of
S. pneumoniae pericarditis in previously healthy children and
review the literature since 1980.
Clinical cases
Case 1
A 20-month-old female presented to the emergency room of
the Soroka University Medical Center, Beer Sheva, Israel, in
the winter of 2007, with a temperature of 40 8C, shortness of
breath, grunting, pallor, and hypotonia upon admission. She
was fully conscious and tachycardic (220 beats/min). The
heart sounds were muffled and the cervical veins were
congested; hepatomegaly was diagnosed. A chest X-ray
showed an enlarged heart silhouette and an electrocardio-
graphic study showed elevation of the ST segment in AVF,
leads I and II. The patient was transferred to the pediatric
intensive care unit (PICU). An echocardiographic study
showed a large amount of pericardial effusion, with severe
left ventricle dysfunction and collapse of the right atrium and
right ventricle. An emergency pericardiocentesis was per-
formed with the release of 60—70 ml of dark hemorrhagic
fluid; a drain tube was subsequently inserted releasing a
further 280 ml of fluid. Analysis of the pericardial fluid
revealed a white blood cell (WBC) count of 72.81  109/l
with 77% segmented cells, total protein of 5 g/dl, glucose
level of 2 mg/dl, and an LDH level of 4752 U/l. The patient
was HIV-negative. A Gram stain of the pericardial fluid
showed Gram-positive cocci in chains. A peripheral WBC
count was 16.5  109/l with 55% granulocytes and increased
after two days to 28.2  109/l; C-reactive protein was
4.63 mg/dl. Systemic antibiotic treatment with ceftriaxone
and vancomycin was started and instituted for 14 days. In
addition, the patient was treated with dopaminergic agents
until hemodynamically stable. Corticosteroids were insti-
tuted on day 3 since the patient’s condition was not improv-
ing as expected. S. pneumoniae serotype 6A was recovered
from pericardial fluid and from blood. Serotyping was per-
formed by the quellung reaction.4 A cerebrospinal fluid (CSF)
culture was sterile. The S. pneumoniae isolate had a peni-
cillin minimal inhibitory concentration (MIC) of 0.25 mg/ml.
The patient was discharged after 14 days in good general
condition and hemodynamically stable.
Case 2
A 10-year-old boy presented to the emergency room of the
Children’s Hospital of Bras¸ov, Romania, in the winter of
2008, with fever, loss of appetite, fatigue, and pallor. His
medical history was unremarkable. The disease had started
5 days before admission with loss of appetite and fatigue.
On examination, the patient was pale and febrile (39 8C);
hepatomegaly was noted. He was fully conscious, but
tachycardic (193 beats/min) and with distended jugularveins. The chest X-ray at admission showed an enlarged
heart silhouette. An electrocardiogram revealed paroxys-
mal supraventricular tachycardia. The echocardiography
showed a large pericardial effusion. Two days after admis-
sion the patient’s blood pressure fell to 80/50 mmHg. The
peripheral WBC count was 20.3  109/l with 71% granulo-
cytes. The patient was HIV-negative. The hemoglobin was
9.5 g/dl and the erythrocyte sedimentation rate was
95 mm/h. Pericardiocentesis was performed releasing
40—50 ml of dark hemorrhagic fluid from the pericardial
cavity. Systemic antibiotic therapy with ceftazidime and
intravenous furosemide were initiated and continued until
discharge. S. pneumoniae was isolated from the pericardial
fluid, while the CSF and blood cultures were sterile. The
patient was discharged after 10 days in good general
condition and hemodynamically stable.
Case 3
A 7-month-old female presented to the emergency depart-
ment of the Santa Casa University Hospital in Sa˜o Paulo,
Brazil, in the fall of 2007, with shortness of breath and
grunting of 3 days duration. Two days before admission she
had been diagnosedwith an upper respiratory tract infection.
On examination, she had a temperature of 37.5 8C and was
pale, hypotonic, and dyspneic. She was conscious, tachycar-
dic (180 beats/min), and tachypneic (77 breaths/min). The
oxygen saturation was 93% and hepatomegaly was noted. The
first and second heart sounds were normal. A chest X-ray
showed an enlarged heart silhouette. Electrocardiogram
study was normal. The patient deteriorated after admission
and became hemodynamically unstable requiring transfer to
the PICU. The peripheral WBC count was 37.7  109/l with
47% granulocytes. C-reactive protein was 32.3 mg/dl. An
echocardiogram showed a large amount of pericardial effu-
sion. After admission to the PICU, she suffered cardiorespira-
tory arrest with clinical signs of hypoxic encephalopathy,
confirmed by subsequent tomographic imaging. Pericardio-
centesis was performed on the second day of hospitalization
and drained 60 ml of purulent hemorrhagic fluid from the
pericardial cavity. A drainage tube was inserted and released
a further 400 ml of fluid. S. pneumoniae serotype 23F with a
penicillin MIC of 0.125 mg/ml was recovered from the blood
cultures. Serotyping was performed by quellung reaction.4 .
Gram stain and culture of the pericardial fluid were negative.
Systemic antibiotic treatment with ceftriaxone was insti-
tuted for 24 days. The patient received dopaminergic agents
until stabilization. The patient was HIV-negative. The patient
was discharged after 34 days in good general condition and
hemodynamically stable, but developed convulsions and
neurogenic dysphagia.
Literature review
Since 1980, fewer than 20 cases of S. pneumoniae pericarditis
have been described in all ages in the published English
literature. Ten of these cases occurred in children.3,5—11
We have reported three additional cases in the present study
(Table 1).
In the 13 children with pneumococcal pericarditis
described, the mean age was 45.9 months (range 6 months
Table 1 Pneumococcal pericarditis in children: literature review and present case reports
Case No.
[Ref.]
Gender Age Presenting symptoms Preceding/concurrent
infection
Underlying medical
conditions
Outcome Serotype Penicillin susceptibilitya
13 Male 13 years Fever, cough GVHD BMT due to CML No sequelae ND Penicillin sensitive
25 Female 1 year,
5 months
Fever, URTI, dyspnea Osteomyelitis of
right ileum
None No sequelae ND ND
36 Female 13 years URTI, fever, cough Pneumonia SLE Died 14 Penicillin sensitive
(MIC 0.032 mg/ml)b
47 Male 8 months Dyspnea, fever Hemolytic uremic
syndrome
None No sequelae 14 Penicillin sensitive
58 Female 6 months URTI, tachypnea, hypoxia, fever Pneumonia None ND ND Penicillin resistant
69 Male 3 years Fever, respiratory symptoms Pneumonia None No sequelae ND ND
79 Male 10 months Fever, respiratory symptoms Pneumonia None Constriction of
pericardium
ND ND
8 [9] Male 6 months Fever, respiratory symptoms Undetermined None No sequelae ND Penicillin sensitive
910 Male 9 months URTI, fever Undetermined None No sequelae ND ND
1011 ND <12 years Fever Undetermined None ND ND ND
11 Female 20 months Fever, respiratory symptoms Upper respiratory
infection
None No sequelae 6A Penicillin sensitive
(MIC 0.25 mg/ml)b
12 Male 10 years Fever, fatigue, anorexia
and pallor
Upper respiratory
infection
None No sequelae ND ND
13 Female 7 months Respiratory symptoms Undetermined None Convulsions and
neurogenic dysphagia
23F Penicillin sensitive
(MIC 0.125 mg/ml)b
GVHD, graft-versus-host disease; BMT, bone marrow transplantation; CML, chronic myeloid leukemia; URTI, upper respiratory tract infection; SLE, systemic lupus erythematosus; MIC, minimal
inhibitory concentration; ND, no data.
a Penicillin resistance was considered as MIC <2 ml.
b The MIC was reported in only in three cases (numbers 3, 11, and 13).
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e178 Y. Feinstein et al.to 13 years), while most of the patients were less than 5 years
old (69%), with 46% younger than one year of age. In our short
case series, we have reported the case of one child who was
10 years old; this fits within the range mentioned in the
literature. Fifty-eight percent were male and 11 (85%) were
healthy children without previous medical conditions. The
most common presenting symptoms at diagnosis were fever
and respiratory symptoms. Eleven (85%) of the cases were
associated with respiratory infection and two had other
systemic involvement (osteomyelitis and hemolytic—uremic
syndrome). Eight of the 13 children had a good outcome with
no sequelae ; one patient developed restrictive pericarditis,
one patient developed a neurologic disorder, and one patient
died (Table 1). In 2 patients no outcome data were provided.
Serotyping of S. pneumoniae was reported in only four cases:
serotype 14 in two cases and serotypes 6A and 23F in one case
each. The isolates were sensitive to penicillin in 86% (6/7)
(determined as MIC <2 mg/ml). In the reviewed literature,
serogrouping and typing were conducted with quellung or by
co-agglutination technique with antisera; no other diagnostic
tools were mentioned.
Antibiotic treatment included penicillin alone, vancomy-
cin and third-generation cephalosporin, and third-generation
cephalosporin and aminoglycoside; broader spectrum anti-
biotics (imipenem and teicoplanin) were used in one case due
to the patient’s immunosuppressed condition. Antibiotic
treatment was continued for 14 to 28 days (length of treat-
ment was determined by the preceding or concurrent infec-
tion). No alternative treatments such as immunoglobulins or
streptokinase were mentioned.
Discussion
In the present case series, pneumococcal pericarditis disease
was characterized by young age, lack of background clinical
conditions, clinical presentation characterized by fever and
respiratory symptoms, and a good outcome achieved in the
vast majority of cases.
S. pneumoniae colonizes the nasopharynx and is consid-
ered a part of the normal body flora during early childhood.1
The organism can spread from colonized sites to adjacent
mucosal tissues and cause mucosal infections or may invade
the bloodstream to cause bacteremia and invasive infec-
tions.1 The pathogenesis of pericarditis remains controver-
sial. Some authors have suggested that the pathogenetic
mechanisms consist in a direct extension from pleural
empyema, hematogenous invasion, or spreading from the
nasopharynx natural niche. According to the cases reported
in this series and in the literature, most of the children had
positive blood cultures for S. pneumoniae, supporting the
concept of spread by a hematogenous route. To date, no
specific pneumococcal virulence factors have been shown
crucial to cardiac involvement. Kan et al. showed that in
cases of cardiac infection with non-encapsulated S. pneu-
moniae, the bacteria had higher hydrophobicity and
increased adherence to human epithelial cells than in infec-
tions of other tissues.6Purulent pericarditis is an acute and severe illness with
mortality rates of up to 30%.2 In our study, the favorable
outcome inmost cases was probably related to a high index of
suspicion, early diagnosis and treatment, and infection with
an organism relatively susceptible to antibiotics.
The four pneumococcal serotypes reported in our study
are either included in the 7-valent pneumococcal conjugate
vaccine (PCV7) or a related vaccine (6A). It is hoped that the
introduction of PCV7 and other pneumococcal conjugate
vaccines will reduce the incidence of this relatively rare
disease.1,7 In all three countries from where our cases were
reported, the PCV7 has not been introduced into the national
immunization program.
In conclusion, S. pneumoniae purulent pericarditis in
children is a rare but life- threatening disease. When diag-
nosis is made early and treatment is started promptly, the
outcome may be favorable in most cases.
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